IDC Motor 



The direct cui:T«nt (dc) nBcliiiie can be iHBd as 
a motar or as a generalsor. 

IXI) Madime is most crflien iBed fcr a mater. 

Tlie nn^ CH" advaidages cf dc nBfdiines are fhe 



HoPi^ex/ier, their ^][dicaiti<ii IS linited to nills^ 
nines said trams. AscKmipLesytnDlleysand 
iwfciffwwlaijwaytareS^iBe^mQteiB. 

In the past; autaniGlnlesM^ereeqtdppedMii^ 
clynanios to charge their batten 



IDC Motor 



Even today^ the startjer is a series dc inolior 

HcKvn^er, fherecertda/dGpniertGf pcMo: 
dedniiics has reduced the iBe rf dc mobors 
smdqaaerdSaacs. 

The electixmcally cxxibxilled ac drives are 
ycidrcillyretJaciiig the dciMQtior drives in 



Nn/erthdesE^ alargenunijer cf dcmotersaiie 
still used by mdusliy and SEK/eral thousand are 
sold annually. 
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Rgme 1 General arrangement of a dc machine 





The stadbor cf the dc rnotar has 
pdes^ which are CKicitjed by dc 
current to produce nsgnetic 
fieldsL 

In tfaB neiriral znne^ in the nickfle 
beh^/eenfhepdes^ axiinutating 
pdes are plaoed to reduce 
^parking cf the connutater. 
The ccnmitatingpcies are 
supidied by dc currenL 

CcniKiisatingvyiridirigs are 
mounted GTL the main pdesL 
These ^lort-circuited windings 
danp robcr GScillatiGn& . 
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The pedes aiie mounted en an 
ircn cxxie that pro^des a 
dGsed na^ietic circuit. 

Ttie moter housiiig supports 
fhe iron cxiie^ the brushes and 
the bearings. 

The rotor has a ring^sh^jed 
lanuiabed ircn ocre with siots. 

Coils with s^/ieral turns are 
plaoedmtheslatSL The 
distance between the two legs 
of the cxil is about 180 electric 
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llie cxsls are cxxinecbed in series 
ttiTGugti the cxxiMTutatJcr 
segments^ 

The ends cf each Goil are 
axmected to a ammtatjor 
se^nenL 

llie cxxiMiutatJcr ocnsists cf 
insulatjed cx^^ier se^nents 
niountjed GKi an insulatjed tube: 

Two brushes are pressed to the 
axniiitatjGr to peniit current 

flOiV. 

The brusiies are pilaoed in the 
neLdral zone^ wiierethen»gnetic 
fiddisdosetozerc^ to reduce 
arcing 
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The rotor has a ling^sti^jed 
lamniiated ircxi cxsie with slots. 

The cnniiiitatiQr oiigisls of 



mounljed €11 an insulatjed tuba 

TwD brushes aiie pressed to 
the cxKiMndHtor to penxmt 
cxirrent floiv. 

The brushes are placed in the 
neutral zGne^ wherie the 
ma^ietic fidd is dose to zerc^ 
to reduce ardng. 
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Tte cof777z^£iCDr ^/vitdies the 
ainieiit fiioniGne roter GGil to 
fheacyacentcxil. 

The Sivltx±iiiig]ieqtiires the 
inberrapticHi of the cxfll 
cxirrent:. 

llie sudden intjerrupticii of an 
inductive current generates 
fai^ voltages . 

The hi^ vcltage produces 
flasticp^/ier and arciiigbet^^^Beii 
the ocntmimitatGr se^Tient and 
thebrusix 
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Figuie 2 ConiriiutatDr with the rotor coils connections. 
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RguieS Details of the coinmutatDro 
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Figure 5 Roter cf a dc motar . 
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Figure 6 Cuta^vay vie^vof a dc moter. 



2.1 DC IVfaliGr 




EXD IMbtiGr Opei:ation 



Inadciiioter, fhestatGr 
poles are supplied by dc 
CKOtationcurrerit; \^iiicli 
produces a dc ns^ielic 
fieid. 

llie FGliGr IS siQiIiUed by 
dc cunnent fhraugh fte 
biTEfaes oniiiitatiQr 
andcxilk 



ii»gnelic field and rotar 
cxirreiit generates a force 
that drives fhe motor 
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Zl DC Mbtar Operaticxi 



• The ii»gnelic field lines 
enter iiito fhe rxitar fixrnfhe 
ncrtiti pole (N) and esdt 
toivard fhe soutli pole (S). 

• ThepdesoBneratea 
iiBgnelic fiad that IS 




r dc 



pCi^JfflniClllHr ID UJB CUnjEnC ^^^ Rotjorcunentflowfromsegmentltjo2(slotatDb) 

canying ofliductiQrs. 



field and fhe current 
produces a Lorentz foroe^ 

llie f (flXB is per^endiailar to 
both fhe iiB^ietic fidd and 
oonductiGr 




(b) Rotor ciinBntflovvfioni segment 2 to 



Zl DC Mbtar Operaticxi 



The generatBd force turns the K)tor 
until the <x)il reaches the neutral 
point between the poles. 

At this point the magnetLc field 
becomes practically zerc) together 
with the force. 

However, inertia drives the motor 
beyond the neutral zone where the 
direction of the magnetic field 
reverses. 

To avoid the reversal of the force 
direction, the commutator changes 
the current direction, wMch 
maintains the counterclockwise 
rotatiorL . 
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(a) Rotx)rciii:iBntflovv^fiD]TLsegni^ 




(b) RotxDrciinBntflovv^fiDinsegniert 



Zl DC Mbtar Operaticxi 



Before reaching the neutral zone, 
the current enters in segment 1 and 
exits from segment 2, 

Therefore, current enters the coil 
end at slot a and exits from slot b 
during this stage. 

After passing the neutrnl zone, the 
current enters segment 2 and exits 
from segment 1, 

This reverses the current direction 
thrDugh the rotor coil, when the coil 
passes the neutral zone. 

The result of this current reversal is 
the maintenance of the rotation 
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(a) Rotor current flow from segment 1 to 2 (slot a tD b) 




(b) Rotor current flow from segment 2 to 1 (slot b tD a) 




• The ]>^S poles produce a 
dc iTBgnetic fieid and fhe 
rotor Goil tui:Tis in ftds 
fieid. 

• AtmirineGrolfaer 
nBcfaine drivies fhe roter. 

• ThecxHiductorsinfhe 
slots cut fhe ns^ietic ftux 
lines ^^iiicli induce 
voltage in fhe rotior crals. 

• The ooil has b^D sides 
Gneisplaoedinslota, fhe 
other in slot b. 




37 dc 



(a) RotJDr ciinBntflovv^fioiTLsegirent 1 tx) 2 (slotatD b) 




r dc 



(b) RotDr cuiiBQt flow from segment 2 tDl 



• In Figure llA, fhe 
OGndudiGrs in slot a are 
cutting fhe field lines 



fixxnfhe nortti pde^ 

• lliecjonducborsinslotb 
are cuttiiig the field lines 
exiting fixnifhe rotor to 
tiiesGutiipola 

• The cutting cffhe field 
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The voltages generatiea in 
tiie two sides of tiie ail 
aiB 
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37 dC 



(a) RotJDr ciinBntflovv^fioiTLsegirent 1 tx) 2 (slotatD b) 
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(b) RotDr cuiiBQt flow from segment 2 tDl 




• The induced voltage is 
oormeclied to fhe generaliGr 
tEirnrials ftiTGu^ file 
cxxiMimdator and brusties. 

• In Figure 114, fhe induced 
voltage in b IS posibvi^ and in 
ais negative. 

• Tlie positive tei:Tnirial is 
connected to cxxiMimdator 
sequent 2 and to fhe 
conductors in slot b. 

• llie negative terminal IS 
cximected to segment 1 and 
to ttie omductGrs in slot a 
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(a) RotJDr ciinBntflovv^fioiTLsegirent 1 tx) 2 (slotatD b) 
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(b) RotDr cuiiBQt flow from segment 2 tDl 



- CcnducbGrsmslotaare 
theii inovlng toward the 
scNJlli pole and cut ftux lines 
^dtin^ fixHii the rotcr 

- Cciiducljorsmslotbaitfhe 
flux lines enteriiig the in 
dotb. 

lliis changes fhepolarity 
rf fhe mdined voltagB in 
fheooiL 

The vcAage induced ill a 
isnoivriositlve^ andinbis 
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(a) RotJDr ciinBntflovv^fioiTLsegirent 1 tx) 2 (slotatD b) 
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(b) RotDr cuiiBQt flow from segment 2 tDl 



cxxnimitaiter r^/erses its 
t£i:iTiriai5^ \^inc]:i assures 
fhat fhe output voltage 

(V^) polarity is 
undianged 

• InFigurellB 

- tlie positive teriiMnal is 
cxxmected to cxKiMimdatjcr 
se^nent 1 and to tlie 
cxndudjGrs in siot a. 

- llie negative terniiial is 
Gonnected to sequent 2 and 
to tlie GonductGrs in slot b. 
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(a) RotJDr ciinBntflovv^fioiTLsegirent 1 tx) 2 (slotatD b) 
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(b) RotDr cuiiBQt flow from segment 2 tDl 



2.3 IX: Madiine 
EJquivalcxri: Circuit 



2.3 DC Generater Eqtdvalent 

circuit 

llie ]x»^ietic field produoed by tlie statcHT pcd^ 
voltage in fhe rotor (or anrBture) cxslswiieiifhe 
generator is rotalied 

lliis mdiioed vcitage IS represe^^ 

llie stator cxfl has resistance^ \^Mcli is cxHin^^ 



lliepGlefliixispnxluoedby fhelX; CKdlaticflVfidd 
anrent, ^^cfa is nBgnetica^ 

llie field circuit has resistance and a source 

llieviQUagB drop cn fhe brushes 1^^ 



1^ ir^ 



2.3 DC Gcnei:^atJor Eqtdvalcnt 

arcuit 
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Figurel^ EjqtdvalentciixijitGf aseparateiy^^ 



2.3 DC Gcnei:^atJor Eqtdvalcnt 

arcuit 

llie nna^ietic field produced by the slatior poles 
jnduoesavoltage mtlierotsor (or aniHture) cxals 



irsirii 



llie dc fidd cuirent of the poles generates a 
ma^ietic fliK 

Tlie flux is proportional \vitlitlie field cxirrent if 
tiie iron ocre is not saturated: 

ag 1 / 



2.3 DC Generater Eqtdvalent 

circuit 



The ixjbor cxfliductors cut fhe 
tliat generate voltage in tlie cx»]& 



E = 2N Bi V 

ag r g 

llie niobor speed and flux equations are : 






2.3 DC Generater Eqtdvalent 

circuit 



The Gonftiinattcxi rf fhe fhr^ 

vottaoB eouatiGn: 



E = 2N Bl v= 2NB£ 

ag r g r g 



^ D ^ 

V 2, 



= N {si d)o}=N O CO 

r \ g g I r ag 



The equaticn is sinplified. 
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2.3 DC Generater Eqtdvalent 

circuit 

• \\lien fhegeneratar is loaded, tlielc^^ 
a vcAage dixf> CTL fhe ixitcH:^ \viiidiiig resi^^ 

• Inadditi(i:i,tfaeiie]saiiiore(rlessc}onstaift 
drop on the brushes. 



fhe generator. The terEnnal voltage is^ 
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2.3 DC Motor Equivalent circuit 
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• Figure 13 Ex]uivalentciiTxdtcf asepai^alely^ficit^ 

• Ei]i]ivalent dixxdt is sinJl^ 
directions are different 



2.3 DC Motor Equivalent circuit 

The opeiialiGn equaticns are: 

AmHhire vGttage equaticn 

v^ =E +j R +v: ^ 

dc am. am. a brush 

The induced voltage and motor speed vs angular 
frequency 



^am - ^m^f ^ 0) = 2K U^ 



2.3 DC Motor Equivalent circuit 

The opeiialiGn equaticns are: 

llie cxninnaticn (€ tfaB eqieticns results in 

K I^ (0 = E =V, -I R 

m f am dc am m 

The cunent is calculatBd from this equatiorL The output 
power and toique are: 

P,=E I T = ^^ = K I I, 

out am am ,^ m am f 

CO 



2.4 IX: Machine 




• irsiPCiiBk^ vpi I tc 



DC Mbtior Operation 



• lliere are four different iTi^^ 
SLQJidying fhe ck: cunnent to f^ 
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- Sfauntaxm 

Seriescxxm 

- ConiMund 
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2.3 DC Motor Equivalent circuit 
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Figure 14 E<]tiivalentciixxdtGf asijuntck:]iiotor 



2.3 DC Motor Equivalent circuit 
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Figure 15 EqtdvalentciixxiltGf aseriesclciiiotor 



2.3 EXD JMotjor Eqtdvalent circuit 
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• Figure 16 Exiuivalentciixxdtctf^aocHiixiundck:]!!^^ 



